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M i\ LL APPROACH TO (QUANTITATIVE POLYMERASE CHAIN REACTION USING 
REAL-TIME DETECTION: APPLICATION TO THE DETECTION OF GENE 
AMPLIFICATION IN BREAST CANCER 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have oeen shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DIMA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc r ccndl and 
erbB2) in breast tumors. Extra copies of myc, ccndl and ertoB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DIMA; the largest observed numbers of gene copies 
were 4.6. 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. J. 
Cancer 78:661-666, 1998. 
e 199S Witey-Liss. Inc. 

Gene amplification plays an important role in tne pathogenesis 
of various solid rumors, including breast cancer, probably because 
.'■ver-e\pression of :he amplified targe: genes confers a selective 
advantage. The hrs: technique used to detect genomic amplification 
was cvtogenetic analysis. Amplification of several chromosome 
regions, visualised cither as extrachromosomai double minutes 
(dm mi.) i>r as integrated homogeneously staining xgions (HSRs), 
are amonti -he main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion iCGH) ' Kuilioniemi et ai.. '994} have also been used in broad 
marches for rcmons of increased DNA copy numbers in tumor 
cells, ana have nveaied ^omc 20 amp ii lied chromosome regions ;n 
breast tumors. Positional cloning efforts are underway to identify 
tne critical gene: si n each amplified region. To dare, genes known 
to tie imniiriea f re:iuemiv :n breast cancers include mvc iSqld). 
. end 1 1 . q i J ;. anu <iro&2 ■, ! ~q 1 2-u2 ! i < for review see Bice he and 
L.dereuu. 1995 ) 

Ampniication o! me mvc, rua '. ana croBZ nroto-oneogenes 
-houic. have eunicai relevance in areas; janeer. since independent 
•tuaie: lave Yiown : hat these alterations can be ased to identity 
■ ub-nonuiaiions w:th i worse prognosis 'Berns -ii ai.. . '' J °.T 
ccnuurmg *.\ r at.. T 1U 1Y Siamon >ii at., I98~'i. Muss -it ai. 1 1994. 
: uime;iea that these gene alterations may also be .isetui for the 
tTeaic .ton and us'se:;*men: pi' the edleacv of adjuvant jnernotherapy 
ana hormone therapy 

_v;encv )f 'rtese iterations ma their : micni /ame. ror instance. 



surrounding .he link suggested by Slamon ct di. i '198") between 
dfbBZ ampiiricatu)n and disease progression These discrepancies 
are partly due to the clinical, h.stoiogicai and ethn.c heterogeneity 
of breast cancer, but technical considerations are also probabiy 
involved. 

Specific genes i DNA) were initially quantified in tumor cells by 
means of bictting procedures iuch as Southern and slot blotting 
These batch techniques require large amounts of DN'A (5-K.i 
ug: reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at ai! stages -f the procedures to 
generate biois or sulficient quality for reliable dosage analysis. 
Recently, PCR has proven to t)e a powerful tooi for quantitative 
DNA ana : ysi:.. especially with tninimai starting quantities of aimor 
sampies (small, early- stage tumors and formalin-fixed, paraffin- 
embedded tissues.). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles tend-point quantita- 
tive PCR) or after a varying numoer of cycles during the 
exponential phase 'kinetic quantitative PCR}, In the first case, an 
internal standard distinct from the target molecule ;s required to 
asceram PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing m internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages )f the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has i wide dynamic range (at least 5 orders of magnitude;, giving 
an accurate vaiue for samples differing in their copy number. 
Unfortunately, the method ;s cumbersome and has therefore been 
rareiv used. It .nvolves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product, [merest in the kineuc method has t)een stimulated by a 
novel approach using fluorescent TacMan methodology and a new 
instrument (ABI Prism ""00 Sequence Detection System) capable 
of measuring fluorescence in real time i Gibson zi di., 1996. Heid el 
ai., 199b). The TaqMan reaction is based on the 5 nuclease assay 
first described jy Holland et ai. (1991). The latter uses the 5' 
nuclease activity ofTaq polymerase to cieave a specific fiuorogeme 
oligonucleotide probe during the extension phase of PCR. The 
approach uses auai- labeled rluorogentc Hybridization probes iLee 
u'/ at . 1993 V One fluorescent aye, co-valentiv linxed to the 5' end 
of the oligonucleotide, serves as a -eoorter [I-'AM i.t>.. o-carooxy- 

rUiorescent dye. TAMRA u.^., o-carnoxv-teiramemyi-rnodamine i 
attached to the 3' end. During the extension piia.se of the PCR 
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-carter: ft r a oven traction tube. The use of J -sequence detector 
rubies the rluorescerie; spectra of all % *eils of the thermal 
c\c;er to be measured continuously during PGR amnlmcation. 
' The reai-'ime PGR method offers several advantages over other 
current quantitative ?CR methods (Cell et aL, 1994): rty the 
probe-based homogeneous assay provides a real-time method tor 
detecting onN inecifk amplification products, jmce specific hybri- 
dation ot both .he primer:; ana the probe is necessary to generate a 
signal" '-he C, 'threshold cvclei value used for auantihcation :s 
measured *hen PGR amplification is still in the log phase of PGR 
product accumulation. This us the mam reason why C, is a more 
reliable measure of ihe starting cony number than are end-point 

„.„,- ^ .a, -h -i;, T hr a;m-^n C - n : amumu comoonent 
measurement, in ^^wi - 3 . 

.-an ha-e a drastic e fleet on trie amount of product; -aid use of u 
value's u\es a wider dvnamic range (at leasi ej.aders of magni- 
tude) reducum the need for senal dilution; ax > .he reai-ume PGR 
method .s run m a e:osec-tube system and requires no post-i GR 
sample handling, thus avoiding potential contamination; (v.- the 
svstem s highly automated, since the instrument continuously 
measures fluorescence ,n all 06 wells of the thermal cycler during 
PGR amplification and the corresponding software processes, and 
analvzes the rlaorescence data; fvi) the assay :s rapid, as results are 
available ust one minute after thermal cycling is complete; tvui the 
sample throughput of the method is high, since 96 reactions can be 
analyzed m 2 nr. 

Here, we applied this semi-automated procedure to determine 
me cops numbers of 'he 3 most frequently amolmed genes m breast 
rumors': mvc. cendi and ^B2), as welt as 2 genes iaib and app) 
neated in a :hromusome region in which no zyenetic changes nave 
been observed m breast tumors. The results tor lo8 breast rumors 
were compared wun previous Southern-blot da:a tor the same 
samples. 

MATERIAL AND METHODS 
Tumor and niood samples 

Samples were obtained from 108 primary breast rumors removed 
iureicailv nom patients at the Centre Rene Kuguemn; none ot the 
patients "had .indereone radiotherapy or chemotherapy. Immedi- 
ately after burger/, the tumor samples were placed m aquid 
nitrogen until extraction ot* nigh-molecular-weight DNA.^Patients 
werc".nduaed in this >tudy if the rumor sample used tor DNA 
preparation contained more than 60% of tumor ceils ; histological 
analysis... A blood ;ampie was also taken Trim 1 S or the same 
patients. 

OX A was extracted from tumor tissue aid blood leukocytes 
according 'o standard methods.. 



ore.ist-'iimor DNA by means ot 1 TNI 
~hus. I.e rai.o of the ;opv numner 
aumner of the .u'o gene normalizes 
genomic 2>NA. The ratio terming 



Reai-i 
The 
during 
detect 



oi the 
fiuore 
define 
cene r : 



.ii Liomemi ■ 
.ne .aiael i 
e amount 



ne 'o 'he top" 



c .ev el 

follows: 



oi minuneatton 



;onv lumber "<iri 



copv numner af reiereace jene uufi\ 



7!,' PCX 

inncai ban:. Reactions are charactered by -he point 
, vcitrm \nm amplification of the PC-? product ,s nrs; 
d -atlier than b^ the amount of PGP arc duct accumulated 
Led :rarn be- of tveies. "he aigner the starting copv number 
genomic Of - A target, the earner a agmfieant tncrease ;n 
jence :s on>erv -d." "The parameter C - threshold cvcie: .s 
l is the frachonai cvcie aumoer it wnico the aucresceace 
led iv ;:eav.-.ize )f the prone passes i fixed hiresnoid apove 
;fl ~.', L . -h-ti-T - p- numner n m;-mowai ^ampies ts 

\.>^ ?v m^i;;.r;ng G. and ly asmg a standard :ur/e to 
'he ^;art:ni£ codv numner. The prcc.se amount oi 
ic DNA ■ba.-.ec )n ■onticrai density.; ana ;ti auaiitv ..u.. .acrt 



/rimer::, probes, reference human 'jeri(>mic DNA And P'.A 
con-iumabtes. Primers and probes were chosen with the assistance 
of he computer programs Ohgo AU National Biosciences. Ply- 
mouth. VfNX iTaGene iDaniben Systems. Cincannati. C'Ki and Primer 
Express i Perk;n-Elmer Applied Biosystems Foster Dity. CAJ. 

Primer:, were purchased from J. Agency (Maivern. PAi and 
prooes from Perkm-EImer Applied Biosystems. 

Nucleotide sequences lor the oligonucleotide hybridization 
prooes and primer:; are available on request 

The TaqMan PGR Gore reagent -ot Vt.eroAmp v.pticai tubes, 
and Micro Amp caps were from Perk,n-t:imer Appi.ed Biosystems. 

AAndatd-'.ur'e construction. The <inet.c method requires a 
standard :wrx. The latter was constructed .vith ^enai dilutions ot 
specific PGR products, according to Piatak et ai. i 19 LJ 3). hi 
practice. ;ach me-cinc PGR product was obtained bv amplifying 20 
ag of a standard human genomic DNA ;Boehnnger. Mannheim. 
Germanvi with the same primer pairs as those used 'alter tor 
real-time quantitative PGR. The 5 PGR products were purified 
asmu MiL.roSnin S-400 HR columns Pharmacia, Gopsala. Swe- 
den j'electrophorezed througn an acry;amue gel and stained with 
etnmium oromide to check their quality. The PGP products were 
then quantified ;Dectrophotometncaiiy and pooled, and serially 
dilated 10-foid m mouse genomic DNA iCIontech Palo Ado, GAt 
at i zonstant concentration ol 2 ng'al. The -tandard curve ised ;or 
re.iGtime tiuanutative P<2R was based m serial dilutions of :he pool 
of PGR. products ranging :rom 10"' N0 ; cooies of :ach genei to 
0 U0 Z copies). Tins series of diluted PGR products was 
ahquoted and stored at -80°G until jse. 

The standard carve was validated by analyzing 2 known 
quantities otNalihrator human genomic DNA (20 ng ind pO ng;. 

PCR AmvnncMion. Ammlincatiou mixe:, 50 af) ;ontained the 
samoie DNA (around 20 pl\ around pt 5 00 espies 31 iisomic genes), 
!:.)>' TauMan buffer -5 af , 200 uM iAT?. dCTP. dGTP^.md 400 
uM dL'TP. : mM MgCl : , 1 .25 units of AmpiiTaq Gold, O.i units of 
AmpErase uracil N-gtycosyiase iGNGX 200 nM each primer and 
IdO nM prooe. The thermal cycling conditions comprised 2 mm at 
;"i)°G and 10 min at 95"C. Thermai :>cung consisted ot M) .ycies at 
; ^:"G tor 15 s and biNI tor 1 mm. Each assay mciuoed: a tandard 
car/e from A)- 'o 10 2 cc-pies) in duplicate, i no--empiate control. 
2n og andiO ag ,.f caabrator auman :enomic DNA : Soeiirmger- in 
trmncate. and aooiu 20 ag oi aiknown genomic DNA ;n ripiicite 
(2b sampie:, can thus he maiyzed ..a: a J b- veh micropntei. \il 
samrjles wiih a .-efficient ot variation (GVi higher than 10% w:re 
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To vandal :lic aiemod. reai-amc PCR '.vas performed on 
genomic UNA extracted from . o<S primary breast vainer,, and 1 o 
normal ieukocyte DNA samples from some of the same patients. 
The '.artier series were the myc, .:cnal and ar'fB2 proio-oncouenes. 
and ;he~3-arnyioio: precursor protein gene :up/?a which maps to a 
chromosome remon OiqllO) in .vhich no genetic alterations nave 
been found ;n" breast rumors 'Kailioniemi ?t at., iW). The 
reference disomy gene was the albumin gene *aih. chromosome 
4qi:-qi3). 
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. .ae standard car. e -vais .,u!"!S L rac.c .ran . ■.. ;\ jrouu^.s ^.:aii ; 
diluted .n genomic mouse f)NA a: a constant concentration : i 
I :u::ui. it shouid be aoteu 'hat die : vnmcr pairs chosen to anaiyac 
die 5 tame: actios do not imnhry genomic amuse NAa .data not 
Tiiuwii;. F ; .gure ! mows die reai-ame ?NR standard rarve for tne 
jib gene. The dynamic range was wide ait '.east -i orders oi 
magnitude.!, with samples jon'.ammg as few as ;0* copies or is 
manv as 1 0 ; comes. 



C.jDv-numoer rjitio >jf .7ie J reference ^enes app cirtti aiba 

The app to u/'6 copy-number ratio was determined :n NS normal 
leukocyte DNA samples and all 108 primary oreasi-tumor DNA 
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V.Durun a.;//; i aene aosaue :n :ea;-ume ?<:?.. Ton: Anormhcat.on piots :cr reactions -van starting a;/; -ene :at:y numcer ranymu 
■Q4 , av ; 0 ;q- ,\Z) ana a no-terr,Dtate ;uniroi A I •. Cycle aumotrr .s aioiica av ananue :n aormaazea :eponer :aunai 
acn taction aine. :he duorescencs .mnai of aie sorter ave . FAM] :s .Jivideu oy die duore^^ncs a^nai )f :ne aassive rererence aye 
am i -alio :e::neu .is the normalized reporter iienai ILnt. ARn ;enre;>enis :he aormaazea reporter ,;gnai Rji) .mnas he oaserme 
rie'-"*n'-rie -\r^i '5 jvc.es. ARn -.ncrease?- uurrai n (^R is a,/? ?CR aroauet jopy .number .ncreases ant;: die taction reacr.es i 
■nreJioia ';vv.e' -enreser.ts 'he -"racaona: .jvc;i n urn Derail -.vnicn a siumhcant increase .n Rn arove a aaseane sivmai h(.-r:;;ontai aacx 
r ^V lil' i.lT,,,-,.;. - r "._ v , ; -erjacatt: a:at:-: vere r:ertbrme^ *br eacn aanoarc >amme. aiu 'tie aaia for jniy .me ire .aiown acre. Bottom, 
arve^imt^aw^tarura: jaov'aani-er aT. 3, thresnoid jycies. ~ae ;iaca aois rssresent 'lie data for itancara dumpies aiortcu .n 
nc 'nr :ots the aata :or iUKaovvn aenorme DNA samples aiottea :n amucate. The Vanuatu air.e snows - irraers or anear avnanac 
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jMromoariv regions ■ u/r '..d2..'.: am. 
otr. :ous c-'iica: cnange^ 1 including gams 
observed ;n breast cancer, . Caliionicm; 0: a, 
tne IS riormai leukocyte DNA .ampie.N toil between 'J. and . ./ 
frrv > ari 1 (C z 0 2! ■ and was similar for 'lie 'US nnmar. breast- 
tumor DC A sampie, Cj.o :.< At. mean : .Op = b 25;. conhrming 
■qui; :■;/.''■ and app arc annr iprtate reference disomy genes tor 
.. r . ..... >:r 3\ -\ The low ran-ae of the ratios aisi connrmed thai 

the nucleotide sequencer, closer for :.he primers and probes were 
no' poNmorpnu., as mismatches of :iunr primers e- probes wiin the 
sunieet' ; DNA would ha\e resulted in differential impiincatiori. 

mvc. ccndl ana erb£3 gem' doss //? norma i lento -\te DNA 

7c deurmine the cut-off point for gene amohueatior. in breast- 
cancer 'issue, i 3 nonnai leuKot^-te DNA savr.pc . were tested tor 
the iene aose (N), calculated as described in "Material anc 
M-ihiKls" The N value of these samples ranged from O.e to 1.3 
(mean 0 84 r 'A22 for mv.\ 0 " to 1.6 (mean 1 Ob - 0.231 tor 
cc^/ and ('.6 to A3 tmean091 1 0T9i for erc-BZ. Since N values 
for mv < .'?<;/ and ern&2 m normal leukocyte ON A consistently 
le:I between 0.5 and : .0. value M : or more were considered 10 
represent gene .impnuuaiiui; in > -:;T~ivjr 
nr.c. e.nd! an*;' erD#2 g^ dew breasi-iumor DNA 

mvc. ccndl and *rr>B2 gene copy numbers m the 108 primary 
breast minors are reported -.n Table I. Extra copies of 'cnal were 
more freauent (23%, 25 108) than extra copies of erbBZ (!:%. 
16 108: and mvc ; 10"i 11 10M and ranged from 2 to 18.6 for 
ccndl, 2 to 15 1 for erbBZ. and only 2 to 4.6 tor the mvc gene. 
Figure 2 and Table II represent tumors m which the ccndl gene was 
amplified i 6-fold iT14: 1. 6-folcl iT133) ana non-ampiined ■TH 8). 
The 3 qenes were never found to be co-amplified :n the ,ame tumor. 
tr.oB2 -and ccndl were cc-umpiined in only 3 cases, my.: and ccndl 
in 2 cases and mvc and erbBZ in 1 case. This favors the hypothesis 
that eene amplifications are independent events in breast cancer. 
Interestinelv. 5 tumors ihowec a decrease of at least 50% in the 
erbBZ codv number C< < <■ .5 i, suggesting :ha: they bore deletions 
0: the Pq21 region (the sue o! ernBZ). No seen accrcase m copy 
number was observed with he otner 2 proio-onci ;genes. 

Comparison of gene aose determined by real-time quantitative 
PCR ana Soutnern-hLn analysis 

Southern-biot analvsis 0'" mvc ccndl and erbBZ amplifications 
had previously been done on the :,ame : 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern biot was obtained for tumors with hign cony numbers 
CI > 5 ). However, there were cases 1 1 mvc. 6 a ndl and 4 erbBZ) 
ii, which rea.-time PCR showed gene amplification whereas 
Southern-biot did not. but these were mainly :a*es with low extra 
copy numbers (N from 2 tc 2.9). 

jlSuA'SSiON 

"lie clinical applications of gene amplification assays are 
jrrentlv limited, but would certainty increase if a simple, standard- 
ized anil rapui method wc r e perfected. Gene amplification status 
lias oeen studied mainly bv means of Soatncrr. blotting, nut this 
method is not sensitive enougl 0 detect :ow- ( evei gene amplihca- 
; U )n nor accurate enough :,. quantitv the iul' ran-e of amphfication 
vaiues. Southern molting . : . ai,-.: time-consuming, use. radioactive 
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:mne tne cop- mimner of 1 given targe' gene from mir.ima, 
quantities 0! :umor D"f \ = smai! eariy-stage tumors, cytopuncttire 
specimens or lonnalm-h^ec. paraffin-embedded tissues,. 

in thi ; - stuciu-. we •••n.datei a t J CR method ue sloped tor the 
quantification of cene p '•er-renreseiu;iiiou n; tumui-v T:ic method, 
based on real -time :nai\N!.' PCR ampittication. nas several 
advantages over other PCM - aaseci juantiiativc assays suen as 
competitive quan:itat:v e PCP ■ C ^1 e: ac. \^ Ptrst. tne real-time 
PCP method is performed n a ciosed-tube s; stem, avoiding the 
risK of contaminatiov. bv amplified products. Pe-ampiiticauon 0! 
carrvover PCR product, :n subsequent experiments can also ne 
prevented bv us.ng the enryme uracil N'-j!ycosylase CCXji 
fLontic n a:., 19^0) Tne second advantage u the umpiiciiv and 
rapiduv of sample analvsis, since no post-PCP manipulations are 
recuired. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a targe* gene in more than 100 tumor - per lay. Third, tne 
Qv?:em has a i in ear dynamic range of a! least 4 ■■rders of magnitude, 
meaniiiL that sample^ do not ouve tc conuun ec^ai starting amounts 
of DNA. Tins technique snouid Inert: fore be^Urtabie for anaiy/:ng 
formaitn-tixed. pararnn-emnedded tissues. Fourth, and above all. 
reai-tune PCR make 1 . I'NA quantification mucn more precise and 
reproducible, since :t is based on C, value: rather than end-point 
measurement of the amount of accumulated P< ;R product. Indeed, 
the ABI Prism ~~00 Sequence Detection System enables C to be 
calculated when PCR amplification is still in tne exponential phase 
and when none of the reaction components :s rate-limiting. The 
witnm-run CV of the C, value for calibrator human DNA (5 
replicates} was always below 5%. and the between-assay precision 
m 5 ditlcrent r^ns wa: always heicw ' 0°.> iJata not shown) In 
addition, the use of a standard curve is not absolutely necessary, 
since the cop\ number can be determined simpiy by comparing the 
C '■alio of the target gene with that of reference genes. The results 
obtained o\ the 2 methods 1 with and without a standard curve} are 
similar m our experiment, .data not showr... Moreover, unuke 
competitive quantitative PCR. rea.-time PCP does not require an 
internal control - the design and storage of internal controls and the 
validation of their amplification efiiciency is laborious). 

The only potential disavantaee of real-time PCR. like all other 
PCR-oased methods and sohd-matrix biottmc techniques (South- 
ern biots and dot biots) ts mat :s cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells containea m 
heterogeneous tissue specimens, ''inly FISH and immunohistocnenv 
istry can measure alterations on a cell-bv-cep basis 'Pauietti el at.. 
h)96; Siamon ei at. I C >8 C '} However. F;SH requires expensive 
equipment and trained pcrsonr.e". and is also tine-consuming. 
Moreover. F;SH does not asse^ gene expression and therefore 
cannot detect cases ;n vvhich the gene produC is o^'er-exp^esse(i :n 
tne absence of gene ampliiicaii^n. wmch wiil be possibte in the 
future bv reai-time quantitative PT-PCR. Immanohistochemistrv is 
stibiect to considerable variations m tne nanus of different teams. 
r\ virirr * r. -it 'ration ; of target pr-Ptetns dvnng the procedure, the 
different pnmarv antioodte: ar.d fixation methods used and the 
criteria used to iciine nositi-.e staining. 

The result, of this stud\ arc m agreement .vith those renor.e-j in 
the luerature. ;"i Chromosome regions -o '. -o . and _ 1 q 2 1 . _ 
i .vnur pear al': anc ipp. resoettiveiv snowed no genetic alter- 
avon; ir. ir.e bieas -caiuce: amt'Mes studied .,crc, :n Keeping with 
the" remits of bGP F^ailiouicm. c: al. . '^ . [in We round that 
amrjiiiications of these 3 oncogenes were independent events, as 
reported pv nthe- teams ■ Bems ■•: at.. \ J 91: :iorg el al.. 1992) [Hi) 
^ ,: e treoueqev and dstzree c:' m\ : ampr.ftcati- n tn our breast tumor 
L)\"A scries weic . . wr t:uc thuse of .cnu'l and ^B2 amphfica- 
tion. connrmmg the rinding.: cT 3org c. 2: ^°2 > and Lourjai c: ai. 
;uo" ; . Th-. maxima 0: ccndl anc c^tZ over- representation 



A in pi i Uc.'a r. ton - CCND 1 



;.ooo - 

0.30C -j 
0.600 -j 
0.400 H 

c.zoo -j 
o.oco -h 




-0.20C -I i : i I i I i : i i 



• — Samples 
I , 

,2 FAM - Ac 

lis • 

3 ?AM - 31 

II 
I I 



Viewer: | ^Rn (B... ^ 



0 2 4 6 8 1C \Z 'yA 16 18 20 Z2 24 26 28 3C 32 34 36 38 40 Reporter: j -AM *v } 

Cycle 



Amoltficatior. - ALB 



Samples 



4 



^ FAM - B4 
IS FAM - CS 
FAM - CS 




Tumor 
■ T118 

□ T133 

□ T145 



CCND1 



C| Copy number 
27.3 4605 
61659 



23.2 



22.1 



125892 



ALB 



Ct Copy number 
26.5 4365 
25.2 



10092 



25.6 



7762 



Firi-m " r-nu 1 ar.r aib w-r.e dosage nv reai-!:me PCR :r. • oreasl tumor samples: Tl IS* :F.:2. Co. biack sauaresi. TI3 -01 :. Bi. red suuares- 
A ,. n j ut . sqU ai r es. Given" the C of eacn samoie. the n.:..:. copy number :> mierrei: :rom the -;-anc:arc: curve ontameG aunny me same 
exnenmem. Tnphcaie piots were periormeci for each tumor ;amme. p-a: the aata 'or omy one 
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.Lingers obtained wrm rea!-t:me 
PCR were m etnoct agreement with data obtained war. otner 
j nam native PLR-oa.^c a:>5a; s :n terms o: Tie tr-jqi.er.cy anc 
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er a;.. Our resells a; so correlate weii with those recently 

rubiishec 'm Geimini -'i ai 1 ', . who asec tneTaaMan system to 
measure ^-bBZ amplication m a small series o:" breast tumors 
r. - -5 -. bi:t with an instrument LS-50B luminescence spectrom- 
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! For each sample, 3 reniicate experiments were performed anc the mean 
ano the ramaard deviation rSD> was determmec. the ic-^i of -cW gene 
amplification [\c end Lath) :s deierminec ov dividing the average cr/w7 
copy manner .'aiue b> the average copy numocr vaiue 



pom: measurement of fluorescence intensity. Here we report mvc 
and ■y.-naJ gene dosage tn breast cancer by meam ol auant.tati * ; e 
PGR. (vi!~Ve found a high degree of concordance between 
reai-nme Quantitative PGR and Southern blot anat>sis m terms of 
gene amplification, especially for samples with high copy numbers 
r>5-!bid). " he slightly higher frequency of gene amplification 
(especially \:nd: and erfrBZ ) observed oy means of real-time 
quantitative PCR as compared with Southern-blot analysis ma> be 
explained b> the nigher sensitivity oi'tne former method. However, 
we cannot fine out the possibility that some tumors with a few extra 



am". o r j wnuie Jiii'ui 

aiteratio:: ■. poiysomy 
ciistirmmsiicd :n die At' 

the 



, -eai-iime PGR :»acl addttmna. copies :l jtv. 
]{) . o n i c ■ trisomy te::asom\ or poiv.omy 
ampimcati.m. "T'ne-e 1 'ynes o: genetic 
a i ■ ■ : cetie amnnncatmn i jouid ne eas;r- 
'.r; bv using an additional prone .ocated on 
line j Promo some arm. hut some distance !rom the targe: gene 
i' is notcwortin that n iir. gene con'- numbers aave the gr-aiest 
trDenost.c aimricanee in breast ca-cinoma 'Borg z\ al.. 1992; 
S;amo:i t-r jZ. ! u 8~!. 

Fmailv. this technique can he appoed tr trie detecticn oi :ene 
deletion as well as gene amplification, indeed, we found a 
decreased cop) nurr.be** 3f erb-BZ (but not of the other 2 nroto- 
oncouenes; in ■several lumors: ernBZ is .ocated m a chromosome 
region 'Pq2'. ) 'eported to contain both deletions and ampdnca- 
tions m breast cancer ;"Bieche and Liaereau. 

In conclusion, gene caTjpIineauon m various cancers can Oc used 
a.--, a marker nf pre-neop.asia. aist for eany diagnosis of cancer, 
staetng, procnosticatior. and :noice of treatment Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex 
Feal-tirne quantitative PGR overcomes both these limitations anc 
it a sensitive and accurate method of analyzing .arge numbers a: 
samples m :i s'VT* time i: should find a phut: in routine comca: 
eei-e dosajc. 
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